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EXECUTIVE SUMMARY 
 

SOTA Environmental Technology, Inc. (SOTA) has prepared this Corrective Action Plan (CAP) 
to remediate petroleum hydrocarbon contamination at the U-Haul Center #708-57 site, Santa 
Rosa, California.  The CAP presents SOTA’s approach to remediate hydrocarbon-impacted 
groundwater and soil at the U-Haul Center.  The CAP is prepared in accordance with (a) County 
of Sonoma Department of Health Services Environmental Health Division, Hazardous Materials 
Program, Leaking Underground Storage Tank Program, Guidelines for Site Investigation – Nov. 
1992, (b) UST regulations included in the California Code of Regulation (CCR), Article 11, Title 
23, Division 3, Chapter 16, Sections 2720 and 2725 through 2728, the California Health and 
Safety Code, Division 20, Chapter 6.7, Section 25280(b), and (c) Tri-Regional Board Staff 
Recommendations for Preliminary Investigations and Evaluation of Underground Tank Sites – 
August 1990,  and March 1994.  
 
SOTA’s preferred corrective action consists of an innovative in situ remedial technology: 
chemical oxidation using ozonation.  Two remediation technology alternatives, natural 
attenuation, and enhanced in situ bioremediation using oxygen releasing compound, were 
evaluated in this CAP.  These two remedial technologies were compared with in situ chemical 
oxidation using ozonation to evaluate the most cost effective method of cleaning up the site.  
SOTA proposes to enhance in situ intrinsic bioremediation and natural attenuation processes 
which are currently occurring at the site, via injection of the ozone into the petroleum 
hydrocarbon impacted groundwater and soil beneath the site using the ozone sparging wells.  The 
estimated cost of enhanced in-situ bioremediation is $ 199,000.  The projected time for cleanup 
using this alternative will be one to 1.5 years. 
 
The corrective actions described in this proposed plan in our opinion are the preferred remedy for 
the site. Changes to the preferred corrective action or a change from a preferred corrective action 
to another corrective action may be made if public comments or additional data indicate that such 
a change will result in a more appropriate remedial action that will be technical feasible and cost 
effective.   
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1.0 INTRODUCTION 
 
SOTA Environmental Technology Inc. (SOTA) is pleased to submit a proposed Corrective 
Action Plan (CAP) for U-Haul Center #708-57, located at 3601 Santa Rosa Avenue, Santa Rosa, 
California (Figure 1).  The CAP presents SOTA’s innovative approach to remediate hydrocarbon 
impacted soil and groundwater in a site specific, technically feasible, and cost effective manner.  
The CAP is prepared in accordance with (a) County of Sonoma Department of Health Services 
Environmental Health Division, Hazardous Materials Program, Leaking Underground Storage 
Tank Program, Guidelines for Site Investigation – Nov. 1992, (b) UST regulations included in the 
California Code of Regulation (CCR), Article 11, Title 23, Division 3, Chapter 16, Article 11, 
Sections 2720 and 2725 through 2728, the California Health and Safety Code, Division 20, Chapter 6.7, 
Section 25280(b), and (c) Tri-Regional Board Staff Recommendations for Preliminary 
Investigations and Evaluation of Underground Tank Sites – August 1990, March 1994.  The CAP 
includes the following elements: 
 
• An assessment of the impacts, including physical/chemical characteristics of the unauthorized 

release, a comprehensive summary of the findings of past site assessment activities, and hydro-
geologic characteristics of the subject site and surrounding area. 

• Applicable cleanup levels for groundwater that is affected or threatened by the unauthorized 
release. 

• A feasibility study to evaluate remedial alternatives for mitigating the adverse effects of the 
unauthorized release and the cost-effectiveness of each cleanup strategy.  

• Selecting the most feasible corrective action for the subject site, and 

• Proposing monitoring plan to evaluate the effectiveness of the corrective action. 
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2.0 SITE BACKGROUND AND PREVIOUS INVESTIGATION 
 
The U-Haul site had originally contained a total of three USTs of capacities ranging between 550 
gallons to 15,000 gallons (Figure 2).  In March 1987, the 550-gallon waste oil UST, was removed 
from the north portion of the site.  In September 1993, the 10,000-gallon gasoline UST and 
15,000-gallon diesel oil UST were removed from the central portion of the site.   
 

2.1 Site Identification 
 

Complete site address:    3601 Santa Rosa Avenue     
      Santa Rosa, CA 
       

Assessor's parcel number (APN):  134-123-034 

Property owner's/Responsible Party’s information:   

AMERCO Real Estate Company 
2727 North Central Avenue 
Phoenix, Arizona 85004 

  
Current Consultant's Contact Information:  
      SOTA Environmental Technology, Inc.  

5151 Shoreham Place, Suite 260 
San Diego, CA 92122 
858-404-7390 

LOP Case Number:   00002091 

 
2.1 Waste Oil UST  
 

The former waste oil tank pit area was located east of the U-Haul maintenance area and south of 
the U-Haul Center property fence (Figure 3).  After the waste oil UST removal in 1987, an 
approximately 6-feet wide by 10-feet long tank pit excavation was partially filled with 
construction debris and residual contaminated soil.  The area was fenced to prevent any 
unauthorized entry.  In January 1988, four soil borings were drilled adjacent to the former waste 
oil UST pit area.  Three of soil borings were converted to monitoring wells.  In March 1988, a 
shallow vapor gas survey was conducted in the vicinity of the former waste oil excavation.  In 
October 1988, one of the monitoring wells near the waste oil tank was abandoned.  SOTA, on 
October 20, 1994, overexcavated the former waste oil tank pit area, and backfilled with imported 
clean soil and paved the surface with concrete.  The overexcavation activities were inspected by 
the County of Sonoma, Health Department Geologist, Mr. Cliff Ives.  Mr. Ives directed SOTA’s 
engineer, Dr. Dakshana Murthy on site to collect discrete soil samples of visibly contaminated 
areas to ensure that all contaminated residual soil was removed at the time of overexcavation 
activities.  A total of seven discrete soil samples were collected during overexcavation and 
analyzed by Del Mar Analytical of Irvine, California.   
 
Minor concentrations of TRPH and BTEX were detected in the bottom and south side wall of the 
tank pit.  Mr. Ives recommended overexcavation along the south wall and resample for 
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confirmation.  Approximately 10 to 15 cubic feet of soil was excavated and two discrete soil 
samples (S2 at 10.5 feet and SW at 8 feet) were collected and analyzed.  The laboratory data 
analysis indicated a non-detect TRPH concentration and trace concentrations of toluene and 
xylenes.  The laboratory test results are presented in Figure 3.  The overexcavated soil was 
temporarily stockpiled on-site.  Approximately, 50 cubic yards of soil was transported, and 
disposed of at BFI Waste System, 4001 North Vasco Road, Livermore, California on December 
19, 1994 by Den Beste Transportation, Inc. of Novato, California.  Based on the laboratory test 
data and non-detect gasoline, diesel, BTEX in groundwater monitoring data collected at well 
MW-1 in June 2005, it was concluded that excavation of residual contaminated soil around the 
waste oil UST was complete.           
      

2.2 Gasoline and Diesel USTs  
 

In March 1988, a shallow vapor gas survey was conducted around the 15,000 gallon capacity 
UST used to store gasoline.  In January 1989, the 15,000-gallon UST was found to be leaking.  It 
was estimated that approximately 1,100 gallons of regular gasoline was released.  It was 
understood that the leak had been repaired and the UST was reused to store diesel fuel. 
 
In January 1989, another monitoring well (J-01) was installed a few feet south of the 15,000-
gallon UST.  Earthtech Ltd. conducted a preliminary site assessment during September 1990.  
The site assessment included drilling three soil borings around the former waste oil tank and one 
near the 15,000-gallon UST.  Two groundwater-monitoring wells (MW-1 and MW-2) were 
installed near the former waste oil UST and the fuel dispenser island.  Results of laboratory soil 
analyses, indicated elevated concentrations of petroleum constituents, oil and grease, and heavy 
metals.  Analysis of groundwater indicated free product at MW-2, and marginally elevated 
TPH/BTEX concentrations at MW-1. 
 
During September 1991, per Sonoma County Environmental Health Services direction, an interim 
free product recovery system was installed at MW-2 and approximately 100 gallons of free 
product was recovered. 
 
In August 1991, Earthtech conducted an extensive soil gas survey to delineate the aerial extent of 
the hydrocarbon plume.  During February 1992 and August 1992, at the request of the Sonoma 
County Environmental Health Services, a second phase site assessment was conducted by 
Earthtech.  Results of the laboratory tests indicated that the soil contamination was typically 
restricted at the capillary fringe.  The interpretation of the analytical data concluded that the 
western, northwestern, and southwestern edges of the contamination plume were defined. 
 
On August 26, 1993, SOTA submitted an Interim Remedial Action Plan (IRAP) to remove both 
the 10,000-gallon and 15,000-gallon USTs, monitor the limits of excavations, backfill the pits, 
and remove any floating free product.  On September 29, 1993, the two USTs were removed by 
Post-Pisani Construction, Inc. of Sacramento, California under the CSDHS environmental health 
specialist’s supervision.  A total of 350 cubic yards petroleum contaminated soils were excavated 
and disposed of at the Redwood Landfill Facility of Novato, California, in accordance with all 
applicable federal, state, and local laws, rules, and regulations under the direct supervision of the 
lead regulatory agency (CSDHS) representative.  Findings for the USTs removal, soil excavation 
and disposal, and confirmatory soil sampling activities were presented in Figure 4 and Table 1 and 
in the tank removal report (SOTA, 1993).  
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At present, SOTA is conducting groundwater monitoring program at the subject site on a 
semiannual basis.  The last monitoring event took place in June 2005.  The extents of soil and 
groundwater contamination are present in Section 3.0.  
 

2.3 Local Geology and Hydrogeology 
 

The Santa Rosa Valley is a structural basin that has been filled with as much as 4,000 feet of 
alluvial deposits.  Principal geologic units in the Santa Rosa Valley include Holocene alluvium 
consisting of unconsolidated gravel, sand, silt, and clay; Pleistocene alluvium primarily consisting 
of slightly indurated lenticular beds of silty clay, silt, sand, and gravel; Pleistocene Glen Ellen and 
Merced Formation consisting of consolidated interfingered coarse grain alluvial fan and fine grain 
lacustrine deposits, indurated Pliocene Sonoma Volcanics, and basement rocks of Jurassic to 
Cretaceous Franciscan Assemblage.  It is likely that the more recent (Holocene and Pleistocene) 
alluvial sediments in the site vicinity were deposited by ancestral southwest flowing Santa Rosa 
and Matanzas Creeks. 
 
Natural topography surrounding the site gently slopes to the southwest.  The surface drainage is 
generally a sheet flow in the same direction.  The site is located at approximately 100 feet above 
mean sea level.  Site soils consist predominantly of sandy gravel, gravelly silty sand, silty clayey 
sands, sandy clayey silts, and sandy silty clay.  
 
The site is located in the Russian River Hydrologic Unit (RWQCB, 1996).  Current and potential 
beneficial uses of groundwater and nearby surface waters have been designated by the Regional 
Water Quality Control Board (RWQCB).  Groundwater basin in this area is Santa Rosa Valley, 
which has existing beneficial uses as domestic supply.  The nearest surface water body is the 
Kawana Springs which eventually drains into Russian River.  Russian River has existing beneficial 
uses as municipal and domestic, agricultural, industrial process and service supply, and 
groundwater recharge.  Beyond this, it provides uses of water as navigation, hydropower 
generation, contact and non-contact water recreation, commercial and sport fishing, warm, cold, 
and wild freshwater habitats, migration of aquatic organisms, spawning, reproduction, and/or 
early development, estuarine habitat, and habitat for rare, threatened, or endangered species.  The 
nearby river Laguna de Santa Rosa, has existing beneficial uses as agricultural, industrial process 
and service supply, contact and non-contact water recreation, commercial and sport fishing, cold, 
and wild freshwater habitats, migration of aquatic organisms, and potential use as aquaculture. 
 

2.4 Groundwater 
 
A recent groundwater gradient map (June 2005) is presented as Figure 2.  Water level 
measurements ranged from 5.66 to 11 feet below ground surface (bgs).  The hydraulic gradient at 
this site is relatively flat, estimated at 0.006 to 0.01 ft/ft.    The direction of groundwater flow 
within the uppermost, shallow aquifer is generally toward the east around the former diesel and 
gasoline UST area, and towards northwest around the former waste oil UST area.  A summary of 
these measurements is listed in Table 2.  The site-specific hydraulic conductivity and effective 
porosity data for the site are not available.  SOTA estimated hydraulic conductivity and the 
effective porosity for the site based on the type of the underlying aquifer material, and literature 
data.  The hydraulic conductivity was estimated at 0.01 feet per day and effective porosity 
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(specific yield) at 25 %.  An average horizontal seepage velocity beneath the site is extremely low 
and was estimated at 0.14 feet/year.  
 
Based on SOTA personnel’s visual site inspection results, and review of the regulatory agency 
information, the upper most aquifer beneath the site and in the immediate vicinity of the subject 
site is not currently utilized for water supply.  No future uses of groundwater in the immediate 
vicinity of the subject site have been identified.  It is unlikely that groundwater in the upper most 
aquifer will be utilized in the future due to extremely low water bearing characteristics (very low 
hydraulic conductivity and transmissivity).  No water supply wells (domestic, municipal or 
agricultural wells) were identified beneath and in the immediate vicinity of the subject site.  Also, 
no surface water, ponds, surface impoundments, streams, creeks, wetlands or waste disposal 
facilities/structures were found at the subject site or within 750 feet of the site.  No basements 
were identified in the buildings at the subject site.  The only structures that may act as potential 
vapor petroleum receptors identified at the site are utility line trenches and vaults (sanitary sewer, 
water line, telephone, and electric trenches), however, they are relatively shallow (2 feet to 4 feet 
bgs) comparing to the source of the petroleum release (15 feet to 20 feet bgs).   
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3.0 CONTAMINANTS CHARACTERISTICS 
 

Based on the results of numerous environmental site investigations of the subject site, suspected 
past releases from UST systems to soil and groundwater include gasoline, diesel, and fuel 
oxygenate.  The following sub-sections provide descriptions and physical and chemical properties 
of the contaminants of concern.   
 

3.1 Gasoline 
 
Gasoline is composed of hydrocarbons and “additives” that are blended with the fuel to improve 
fuel performance and engine longevity.  The hydrocarbons fall primarily in the C4 to C12 range.  
The lightest of these are spilled gasoline that is highly-volatile and which rapidly evaporates.  The 
C4 and C5 aliphatic hydrocarbons rapidly evaporate from spilled gasoline (hours to months, 
depending primarily on the temperature and degree of contact with air).  Substantial portions of 
the C6 and heavier hydrocarbons also evaporate, but at lower rates than for the lighter 
hydrocarbons. 
 
The aromatic hydrocarbons in gasoline are primarily benzene (C6H6), toluene (C7H8), 
ethylbenzene (C8H10), and xylenes (C8H10); these are collectively referred to at “BTEX”.  Some 
heavier aromatics are also present, including low amounts of polyaromatic hydrocarbons (PAHs).  
Aromatics typically comprise of 10% to 40% of gasoline.  BTEX has relatively high water 
solubility and is adsorbed poorly by soils.  Thus, they have high mobility in the environment, 
moving readily through the sub-surface.  When released into surface bodies or water, these 
materials exhibit moderate to high acute toxicity to aquatic organisms.  Although environmental 
media are rarely contaminated to the extent that acute human toxicity is an issue, benzene is listed 
by the EPA as Group A Carcinogen (known human carcinogen) and, thus, exposure to even trace 
levels of this material is considered significant.   
 

3.2 MTBE 
 
Methyl tert-butyl ether (MTBE) is a gasoline oxygenate that results in decreased emissions of 
carbon monoxide (CO) and ozone (O3) precursor compounds.  Of the several ethers and alcohols 
that may serve as oxygenates, MTBE is the most frequently used.  The potential human health 
risks associated with MTBE have led the EPA to issue an Advance Notice of Proposed 
Rulemaking under Section 6 of the Toxic Substances Control Act that is intended to reduce or to 
eliminate the use of MTBE as a gasoline additive in the United States.  Although the MTBE 
detected at the site is believed to be a component of gasoline contamination, it is discussed 
separately due to various components, which make it act differently in the environment than other 
gasoline components.   
 
On the basis of its physical-chemical properties, MTBE is more water-soluble, has lower octanol 
water partition coefficient and soil sorption coefficient, and is more slowly biodegraded than the 
BTEX components of gasoline.  These observations also support the monitoring well findings that 
MTBE plumes can extend beyond those of BTEX.  
 
When MTBE is in the soil as the result of a petroleum release, it may separate from the rest of the 
petroleum, reaching the groundwater first and dissolving rapidly.  Once in the groundwater 
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MTBE travels at about the same rate as the groundwater whereas benzene and other petroleum 
constituents tend to biodegrade and adsorb to soil particles, thus MTBE is typically found at the 
leading edge of gasoline plumes. However, MTBE concentration at the subject site were reported 
relatively low (i.e., 190 micrograms per liter (µg/L) for the highest concentration). 
 

3.3 Diesel 
 
Diesel fuel boils between 160 to 400oC.  Hydrocarbons in diesel fuel typically fall in the C10 to C20 
range.  Because of their higher molecular weights, constituents in these products are less volatile, 
less water soluble, less mobile, and less biodegradable than gasoline range hydrocarbons. 
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4.0 EXTENT OF CONTAMINATION 
 
The following sections describe a lateral and vertical extent of residual soil contamination and 
petroleum hydrocarbon plumes in groundwater underneath the site (Table 1 and Table 3).  Figure 
5 show approximate horizontal extent of petroleum impacted soils at the site.  Figure 6 shows the 
cross section of residual petroleum soil impacted soils at the diesel UST area.  Figure 8 shows the 
current (06/05) groundwater quality at the site. 
 

4.1 Extent of Soil Contamination 
 

A summary of historical soil chemical data is presented in Table 1.  In general, the extent of the 
residual petroleum-hydrocarbon impacted soils are confined to the immediate vicinity of the 
former diesel and gasoline UST locations and has been biodegraded and are limited in small 
pockets between 15 feet bgs to 20 feet bgs.   
 

4.2 Extent of Groundwater Contamination - TPH  
 
No state MCLs have been established for TPH-g and d.  However, it is useful to analyze these 
constituents to help monitor the extent and migration of the contaminant plume(s) at the site.  The 
diesel plume is currently centered near monitoring wells MW-2, J-01, and MW-103 around 
former diesel UST.  In June 2005, TPH-d was detected in three wells (i.e., MW-2, J-01, and MW-
103) at concentrations ranging from 170 µg/L at MW-103 to 5,400 µg/L at MW-2.   As indicated 
by the groundwater analytical data, TPH-d was not migrating off-site.   
 
The gasoline plume in groundwater at the site is currently centered in the area of the monitoring 
wells MW-2, J-01, MW-101, MW-103, and MW-301 around the former gasoline and diesel 
USTs.    TPH-g was detected in five wells (i.e., MW-2, J-01, MW-101, MW-103, and MW-301) 
at concentrations ranging from 77 µg/L at MW-101 to 9,530 µg/L at MW-2.   TPH-g was not 
migrating off-site.   
 

4.3 Extent of Groundwater Contamination - BTEX and MTBE  
 
The benzene plume is similar to the gasoline plume and is currently centered near monitoring 
wells MW-2, J-01, MW-101, and MW-103.  The MTBE plume is currently centered east and 
south of the monitoring wells MW-2, J-01, and MW-101.  Dissolved concentrations of MTBE in 
groundwater that exceed the state MCL of 13 µg/L were detected in three monitoring wells 
during the June 2005 sampling event.   
 

4.4 Estimated Volume of Contaminated Soil and Groundwater 
 
An evaluation of soil data collected during SOTA’s most recent investigation and historical soil 
chemical data verified previous findings related to the soil impact at the site. Near the diesel UST 
area, the volume of soil contamination is conservatively estimated as approximately 60 feet wide 
by 60 feet long and having a depth of 5 feet at the average soil petroleum hydrocarbons 
concentration of 400 mg/kg.  The soil density is estimated as 1.80 g/cm3.  The total mass of 
hydrocarbons in soil is estimated at 360 kg (794 lbs) and is limited to the vicinity of the former 
tank area.  However, due to the heterogeneous characteristics of the absorbed petroleum 
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hydrocarbons in soil, the calculated volume of contaminated soil might not accurately represent 
the mass.   
 
Estimates of the volume of groundwater containing petroleum hydrocarbons (including gasoline, 
diesel, BTEX, and MTBE) are based on the horizontal and vertical distribution of petroleum 
hydrocarbons in groundwater.  Near the diesel and gasoline USTs area, the volume of 
groundwater contamination is conservatively estimated as approximately 60 feet wide by 60 feet 
long and having a depth of 5 feet at the average groundwater petroleum hydrocarbons 
concentration of 4 mg/L.  The porosity is estimated as 0.25.  The total mass of hydrocarbons in 
groundwater is estimated at 1 kg (2 lbs).  
 

4.3 Potential Impact to Surface Water 
 

The nearest surface water to the subject site is the Kawana Springs which eventually drains into 
Russian River.  Russian River has existing beneficial uses as municipal and domestic, agricultural, 
industrial process and service supply, and groundwater recharge and habitats.   
 
Based on the recent groundwater monitoring sampling at the subject site, TPH-d, TPH-g, and 
MTBE were detected on the center of the subject site.  Therefore, impact to surface water from 
release of contaminant from soil or groundwater is minimum.    
 

4.4 Potential Impact to Air 
 
Because the subject site is completely surfaced with asphalt or concrete, impact to air from release 
of contaminant vapors from soil or groundwater does not pose a health risk concern for site users.    
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5.0 GROUNDWATER CLEANUP LEVELS 
 
The objective of the proposed remediation program described herein is to reduce the residual 
concentrations of petroleum hydrocarbon constituents in the groundwater to below cleanup levels 
acceptable to the California Regional Water Quality Control Board (RWQCB), North Coast 
Region (1).  The soil and groundwater contamination assessment and monitoring activities 
conducted on the subsurface soil and groundwater contamination that will serve as the basis for 
the plan described herein.  The extents of soil and groundwater contamination are described in 
Section 3.0. 
 

5.1 Groundwater Cleanup Levels 
 

The site-specific cleanup is the goal for protecting human health and the environment at the site. 
The cleanup levels specify contaminants and media of concern and preliminary remediation goals. 
The proposed target groundwater clean-up levels for the site are the current established RWQCB, 
North Coast Region (1) groundwater clean up levels.  The proposed target (driven) groundwater 
cleanup levels for the site are based on the currently established RWQCB groundwater cleanup 
levels:  
 

Benzene – 1 µg/L 
Toluene – 150 µg/L 
Ethylbenzene – 300 µg/L 
Xylenes – 1750 µg/L 
MTBE – 13 µg/L  
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6.0 REMEDIATION TECHNOLOGIES AND FEASIBILITY ANALYSIS 
 
Several site investigations and groundwater sampling/monitoring activities have been performed 
since 1988 and have continued to the present.  Over 17 soil borings and/or monitoring wells have 
been installed.  The groundwater has been sampled many times over a 15-year period by different 
consultants.  Elevated levels of petroleum hydrocarbons have been detected in the subsurface 
groundwater at the site as documented in groundwater monitoring reports.  
 

6.1 Alternative Remediation Technologies 
 

Three in situ remedial alternatives (Natural Attenuation, Enhanced In situ Bioremediation by 
Oxygen Release Compound (ORC) and In situ Remediation by Chemical Oxidation), and their 
associated estimated costs are discussed in this CAP.  Each of the three alternatives, are capable 
of achieving the site-specific cleanup goals for remediation of petroleum hydrocarbons present in 
soil and groundwater at the site.  The three alternatives were selected because they are all 
technically feasible, cost effective, environmentally safe, and able to operate without interference 
with the day-to-day actives of an operating U-Haul facility. 
 

6.1.1 Natural Attenuation 
 

Natural attenuation (NA) is a naturally-occurring in situ process that includes biodegradation, 
dispersion, dilution, volatilization, absorption, hydrolysis, and other chemical reactions of 
contaminants with subsurface materials to reduce contaminant concentrations.  Natural 
attenuation occurs to some extent at all sites.  However, remediation by natural attenuation is 
effective only when these naturally occurring attenuation mechanisms can achieve remedial goals.  
Generally, depending on site conditions, remediation by natural attenuation may be considered as 
a long term remedial option.  Consideration of this option usually requires fate and transport 
modeling and evaluation of contaminant degradation rates and pathways to predict contaminant 
concentration at the site, especially when contaminant plumes are continuously expanding or 
migrating.  In addition, long term monitoring must be conducted throughout the process to 
confirm that the degradation is proceeding at rates consistent with meeting remedial goals. 
 
The primary benefits of natural attenuation are (i) minimal disturbance at the site because the site 
is simply left to be remediated by natural processes, and (ii) low to non-existent operational costs 
because the process involves no human intervention.  The costs associated with natural 
attenuation are typically related to long term monitoring natural attenuation parameters in 
groundwater to make sure that the process is continuing. 
 

The main limitation of natural attenuation is that the process is slower than any other remediation 
methods. In addition, the most appropriate microorganisms may not be present and/or natural 
environmental conditions (i.e., oxygen, nutrients, pH condition, and temperature) may not be 
optimal to facilitate natural remediation of the contamination.  Therefore, health risks from the 
contaminated site, that may not be acceptable from either a public health or business perspective, 
may exist for a period of time.  
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6.1.2 Enhanced In-Situ Bioremediation by Oxygen Release Compound 
 

ORC is used as a slow release source of oxygen in the remediation of any contaminant that is 
aerobically degradable in soil and groundwater.  ORC is a patented formula of a mixture of 
magnesium peroxide (MgO2), magnesium oxide (MgO), and magnesium hydroxide (Mg(OH)2).  
Magnesium peroxide is converted into magnesium hydroxide, as oxygen is released.  ORC can 
slowly release oxygen upon contact with water (at 3% moisture content).  The ORC injection 
process enhances in situ intrinsic bioremediation through injection of ORC slurry into the 
petroleum hydrocarbon impacted groundwater (dissolved phase).  The ORC-remediated 
oxygenated zones as a function of contaminant concentration can last from four months to over a 
year.  The ORC process can increase the biodegradation rate ten times or more by adjusting the 
rate limiting factors.  Diesel and MTBE are less biodegradable than gasoline and BTEX, but the 
successful applications of ORC on MTBE remediation have been reported by Regenesis, Inc. 
Diesel and MTBE may require longer time to cleanup than gasoline.   
 
Since ORC is also an enhanced in-situ bioremediation method, the main limitation of this 
technology is similar to the bio-slurry injection that the ORC is not effective in remediating free 
product. In addition, it requires large quantity of ORC material to treat the source area with high 
petroleum hydrocarbons contamination.   
 

6.1.3 In-Situ Remediation by Chemical Oxidation  
 

In situ Chemical Oxidation with strong oxidants as ozone alone or combination of hydrogen 
peroxide is a remedial technology that reduces concentrations of hydrocarbons constituents (i.e., 
gasoline, diesel, BTEX, and fuel oxygenates) in petroleum products that are adsorbed to soils and 
dissolved in groundwater by oxidizing the petroleum hydrocarbons into mineralized products such 
as CO2, salts, and readily biodegradable organic fragments.  The process also involves a 
production of a highly reactive hydroxyl radical, which is among the most powerful oxidizer 
available.  Ozone/hydrogen peroxide can be used as an in situ chemical oxidant (penetrating both 
soil columns and bioflocs, eliminating the sludge-bulking phenomenon) through injections. It and 
its intermediate product (i.e., hydroxyl radical) degrade toxic, refractory or bio-inhibitory 
organics, rendering them more amenable to biodegradation. The process is easily applied and 
controlled. The treatment occurs rapidly, lasting from a few hours to weeks, depending on the 
plume size. The process produces no by-product waste streams, and can be tuned for the degree 
of contaminant removal desired.  

 
6.2 Feasibility Analysis 
 

The feasibility analysis of remedial alternatives is to evaluate the technical and cost effectiveness 
of the selected technologies.  All three alternatives and site-specific remedial technologies are 
assessed against the evaluation criteria of technical effectiveness, implement capability, time, and 
cost required to complete each remedial technology.  These remedial alternatives were developed 
that are capable of satisfying the cleanup goals that are established for the site, including 
mitigation of absorbed phase in soil and dissolved phase in groundwater associated with the 
subject site.  The alternatives considered technological feasibility and reliability, process options, 
economic, and land-use impacts.  The alternatives also considered the result of mitigating or 
minimizing damage to and providing adequate protection of human health and the environment.   
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6.3.1 Site Specific Baseline Parameters Evaluation 
 

The contaminants of concern, lithologic and hydrologic site-specific data were evaluated to 
determine the effectiveness and applicability of the alternative remedial techniques at the site.  
Baseline parameters were collected from previous site-specific investigation and monitoring 
activities (soil borings and existing monitoring wells) at the site.  Therefore, they provide site-
specific, representative and valid input to the evaluation.  
 

6.3.1.1 Contaminants of Concern Data Evaluation 
 

Contaminants of Concern (COCs) at the site have been determined to be diesel, gasoline, BTEX, 
and MTBE.  Site-specific data such as dissolved concentrations of COCs in groundwater and 
adsorbed concentrations in soils were reviewed and evaluated.  Plume delineation data were 
reviewed to determine the status of the plume and estimate the hydrocarbons mass in soil and 
groundwater. 
 

6.3.1.2 Lithologic and Hydrologic Conditions  
 

Subsurface materials encountered during exploration at the site consisted of silty sands with some 
clay layers, consistent with an alluvial valley.  Groundwater underlying the study area has been 
measured at a depth ranging from approximately 5 to 20 feet bgs.  Based on the depth to 
groundwater measured in the groundwater monitoring wells at the site, the groundwater gradient 
at the site was estimated to be approximately 0.01 to 0.006 ft/ft.  The hydraulic conductivity was 
estimated at 0.01 feet per day and effective porosity (specific yield) at 25 %.  An average 
horizontal seepage velocity beneath the site is extremely low and was estimated at 0.14 feet/year.  
 

6.3.2 Evaluation Criteria for Potential Remedial Alternatives 
 

The detailed analysis of alternatives is designed to provide decision-makers with relevant 
information needed to adequately compare the alternatives and to select a site remedy.  The 
criteria are established for overall protection of human health and the environment, short-term and 
long-term effectiveness, reduction of COCs, and the acceptance by the state and the community.  
To satisfy these objectives, each alternative was assessed against the three evaluation criteria of 
effectiveness, implement capability, and cost.  
 

Effectiveness 

The analysis of each alternative, with respect to overall protection of human health and the 
environment, provides a summary evaluation of how the alternative reduces the risk from 
potential exposure pathways through treatment or engineering actions. 
 
Effectiveness (long-term and short-term) and performance are evaluated with respect to the 
magnitude of residual risk and the adequacy and reliability of controls used to manage any 
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remaining contamination.  Alternatives that offer the highest degree of effectiveness and 
performance are those that would leave little or no contamination remaining at the site.  Such 
alternatives would render long-term maintenance and monitoring unnecessary and would minimize 
reliance on institutional controls. 
 

The anticipated performance of treatment technologies employed as part of a remedial action are 
analyzed with emphasis on the amount of hazardous materials to be treated or destroyed; the 
expected reduction in toxicity, mobility, and volume; the degree to which treatment is irreversible; 
and the type and quantity of residuals expected from the treatment process. 
 

Implementation 

The analysis of implementation accounts for the technical and administrative feasibility of 
implementing the alternatives, as well as the availability of necessary resources.  The criterion 
involves the analysis of a number of factors, including construction, operation, and reliability of 
remedial technologies; the ability to monitor overall performance and effectiveness of 
technologies; the ability to obtain necessary agency approvals/permits and coordinate access to 
private property; and the availability of treatment technologies, storage capacity, disposal 
services, equipment, and specialists. 
 

Cost 

Order-of-magnitude cost estimates were prepared based upon conceptual descriptions and 
information developed for each of the remedial alternatives.  Capital and operation and 
maintenance costs were estimated using the RS Means Environmental Remediation Cost Data-
Assemblies and obtained from the technology providers.  
 
Capital costs include those expenditures required to implement a remedial action.  Both direct and 
indirect costs were considered in developing the capital cost estimates.  Direct costs include 
construction costs or expenditures for equipment, labor, disposal of materials, and purchase or 
rental of materials required implementing the remedial action.  Indirect costs include those 
associated with engineering, permitting, construction management, and other services necessary 
to carry out the remedial action.   
 

Annual O & M costs were also estimated.  These costs, which may be incurred even after the 
initial remedial activity is complete, include: 
 

• labor costs for post-remediation O & M of facilities and equipment 

• power, materials such as chemicals for treatment technologies,  

• water and sewer services, and 

• services such as sampling, laboratory analysis, or professional fees 
 

Equipment replacement, administrative costs, and contingency funds for any unanticipated O & M 
costs are not included.  All equipment specified should last for the duration of the remediation.  
However, if there is reasonable expectation that a major component of a remedy will fail and 
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consequently require replacement over time to prevent significant exposure to contaminants, then 
the cost of replacement would also be considered.  The capital and O & M costs for each 
alternative was then used as a basis for comparison. 

 
6.3.2.1 Alternative 1 – Natural Attenuation  

 

To determine if this site is a candidate for natural attenuation, site assessment data were evaluated 
against the criteria outlined in the “Interim Guidance of Required Cleanup at Low-Risk Fuel 
Contaminated Sites” April 1, 1996.  Because groundwater was impacted by petroleum product, 
the site assessment data were evaluated against the “Low Risk Groundwater Case” criteria.  The 
criteria are listed below, followed by an evaluation of site data as they relate to the criteria. 
 

Low-Risk Groundwater-Case Criteria 

1) Groundwater was impacted, the leak was terminated and ongoing sources, including free 
product were removed or remediated to the extent practicable.  
Existing groundwater contamination is primarily attributed to past pipeline leaks.  Free 
product was observed in site monitoring wells since 1991, and was removed on several 
occasions over 100 gallons.   
 

2) The site has been adequately characterized (see Low Risk Soil Case Definition #2).   
The gasoline, diesel, and MTBE plumes were adequately delineated. The plume in 
groundwater at the site is currently centered in the area of the monitoring wells MW-2, J-01, 
MW-101, MW-103, and MW-301 around the former gasoline and diesel USTs.  The plume is 
not migrating off-site.   

  
3) The site is located in a Basin without designated Municipal/Domestic beneficial use.  

Groundwater basin in this area is Santa Rosa Valley, which has existing beneficial uses as 
domestic supply.   

 
4) The site is located in a Basin with Municipal/Domestic beneficial use (outside of a sensitive 

aquifer boundary).   
See 3 above. The Department of Water Resource has designated this aquifer as a “sensitive 
aquifer.”   
 

5) The dissolved hydrocarbon plume is not migrating.   
See 2 above. 

 
6) No water wells, deeper drinking water aquifers, surface water, or other sensitive receptors 

are likely to be impacted.   
Not likely. 

7) The site presents no significant risk to human health.   
The site is completely covered with asphalt or concrete.  Although a human health risk 
assessment has not been conducted for the site, it is not believed that the site poses a human 
health risk to the average user at the site.   
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8) The site presents no significant risk to the environment. 
See 6) and 7) above. 

However, the subject site does not currently meet the low risk groundwater criteria for the 
site.  Therefore, the site is not currently a candidate for a whole site remediation through 
natural attenuation.  However, evaluation of natural attenuation is useful because it provides a 
baseline for future evaluation of the site for closure.   It is presumed that at some point in the 
future, after required cleanup action is undertaken at the site, natural attenuation for residual 
product remaining in soil and/or groundwater can be a valuable alternative, to reduce total 
cost of remediation at this site. 

 

6.3.2.2 Alternative 2 - Enhanced In-Situ Bioremediation by ORC  
 

The ORC injection process enhances in situ intrinsic bioremediation and natural attenuation 
through injection of oxygen release compound slurry into the petroleum hydrocarbon impacted 
soil and groundwater.  The macronutrients can be injected during the ORC injection process.  The 
key factors to evaluate the technical effectiveness are soil type and hydraulic conductivity, COC 
characteristics, and the biodegradability of petroleum contaminants.  As a biological-chemical 
treatment process, the key factors to evaluate the technical effectiveness of AS/H2O2 are the 
hydrogeological conditions, soil structure and permeability, biodegradability of COCs, and the 
physical chemical properties of the COCs (i.e., Henry’s law constant, vapor pressure, boiling 
point, and water solubility).  
 
Depth to groundwater is from 5 to 20 feet bgs.  Most physical chemical indicators (i.e., Henry’s 
law constant, vapor pressure, boiling point, and water solubility) indicate that the removal of 
diesel, gasoline and BTEX is s technically effective and applicable by the ORC process.  During 
the enhanced in situ bioremediation process, the site conditions need to be routinely monitored.  If 
the rebound affect (increased dissolved COCs which are released from the contaminated soil) and 
low electron acceptor concentrations occur, the remedial system can be adjusted by additional 
ORC injections.   
 

ORC is a virtually insoluble product and will not harm the aquifer.  However, a waste discharge 
permit is required before the installation.  The implementation of the ORC process is not complex.  
It requires the one time or multiple injection(s) of ORC slurry into the soil.  Direct injection of the 
ORC slurry through the probe holes into the contaminated saturate zone by Geoprobe injection 
equipment would be used.  The ORC slurry will be applied through injection points at the 
specified source treatment grid locations.  This method requires fewer probe holes, is less 
disruptive to the site, and aids the spread of oxygen by spreading the ORC material.  No operation 
and maintenance is required.  The duration for the ORC injection is then projected for 2 years.  
Groundwater monitoring is projected to last one and a half years until the cleanup goals are 
achieved.  
 
The ORC system should have a medium degree of technical effectiveness and medium to high 
degree of implementation.   
 
ORC Design Parameters 
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A conservative estimate of the dissolved oxygen to loaded hydrocarbon mass stoichiometry of 3:1 
is employed.  Based on the plume dimensions and average concentration of the dissolved fuel 
hydrocarbon plume in the soil and groundwater and the estimated porosity of the saturated soils, 
the estimated total mass of 796 lbs of fuel hydrocarbons was estimated to be adsorbed in soil and 
dissolved in the groundwater. Based on these factors the amount of oxygen required to 
metabolize the fuel hydrocarbons was calculated using the following equation: 
 

 
Where HC = fuel hydrocarbon mass, DF = additional oxygen demand factor 
 
Loaded Hydrocarbon Mass is a value equal to the dissolved hydrocarbon mass and the additional 
oxygen demand factor representative of an equivalent hydrocarbon mass which will require 
oxygen on a 3 : 1 mass basis. 
 
The amount of ORC required is equal to the amount of oxygen required per site and the weight 
percentage oxygen that can be released by ORC.  The Regenesis ORC application/design software 
was used to determine mass of the hydrocarbons, loaded mass of the hydrocarbons, oxygen and 
ORC required, and a number, spacing and orientation of injection points within 
treatment/application grids.  The amount of oxygen released by ORC is 10% by weight of ORC, 
and the maximum dissolved oxygen saturation generated by ORC in water is about 40 to 50 
mg/L.  The amount of ORC required was calculated using the following equation: 
 

 
 

6.3.2.3 Alternative 3 – In situ Chemical Oxidation  
 

The in situ chemical oxidation is an advanced oxidation process that uses ozone alone or a 
combination of hydrogen peroxide to destroy organic compounds.  MTBE and diesel are the 
compounds that were difficult to be treated by most traditional techniques (i.e., slow in 
biodegradation or air sparging).  However, through in situ chemical oxidation, both can be treated 
relatively easily.  A waste discharge permit for the injection would not be required if hydrogen 
peroxide is not added for the remediation.   Equipment for the system can be easily purchased 
from the manufacturer and deployed to the site.  The installation of the system is not complex.  It 
requires the initial treatment system installation.  Minimum operation and maintenance is required.   
The in situ chemical oxidation should have a high degree of technical effectiveness, and medium 
to high degree of implementation. 
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Oxygen Demand Calculations  

The amount of oxygen required per site is equal to the amount that can be released by ozone and 
the oxygen that was sparging by air blower. In general, a Pulse-OX unit will supplied 4 lbs/day of 
ozone in 1.25 years.  

 
The time of ozone supplied (lbs) =  4 x 365 x 1.25 = 1825 lbs. 

 
The amount of oxygen supplied by air blower was calculated using the following equation: 
 

The rate of oxygen injected in each well (lb/day) 
= 0.0175 lb/ft3  (oxygen in air) x 3.7 ft3/min (injection air flow) 
= 93 lb/day 

 
The rate of oxygen dissolved into the plume through air injection in each well is about 2% of the 
injected oxygen amount, which is 1.86 lb/day.  The oxygen supplied through the air blower for 
1.25 years will be 848 lbs. 
 

The total amount supplied by ozone and air (lb)  
= 1825 + 848 = 2676 lbs > 2388 lbs (required) 

 
 

6.3.3 Treatment Duration 
 

Treatment duration is the time period that the remedial technology was operated to achieve the 
site-specific clean up goals.  According to the historical analytical data, using the Colorado 
Department of Labor and Employment Division of Oil and Public Safety guidance document, 
“Monitored Natural Attenuation in Groundwater Guidance Document, June 2002”, the natural 
attenuation estimated duration for cleanup is calculated as approximately fifteen years on this site.  
Using Regenesis, Inc. provided software and the ORC material, the enhanced bioremediation with 
ORC injection system should have a medium duration cleanup of approximately 2 years on this 
site; however, multiple injections will be required during the 2-year period.  Using the Pulse OX-
100 chemical oxidation system provided by Applied Process Technology, Inc., the duration of in 
situ by chemical oxidation should have a medium duration cleanup of approximately one to 1.5 
years. 
 

6.3.4 Cost Analysis 
 

The estimated total cost of Alternative 1 – Natural Attenuation, is $300,000.  This alternative 
includes semiannual groundwater monitoring for 15 years until the groundwater quality reaches 
the site cleanup levels.  
 

 

Capital Cost   $0 

Operation and Maintenance Cost  $0 

(present worth)    
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Monitoring Cost  $300,000 

Total Present-Worth Cost:   $300,000  

Treatment Duration:   15 years 

 

The estimated total cost of Alternative 2 – Enhanced Bioremediation with ORC Injection, 
assuming 2 years of operation including four quarterly and two semiannual groundwater 
monitoring events for 2 years, is $ 385,000.   
 

Capital Cost  $340,000 

Operation and Maintenance Cost  

(current worth) $0   

Monitoring Cost $36,000 

Permitting $5,000     

Total Present-Worth Cost:  $381,000 

Treatment Duration:  2 years 

 

The estimated total cost of Alternative 7 – In situ Chemical Oxidation, assuming 1.5 years of 
operation including six quarterly groundwater monitoring events for 1.5 years, is $ 199,000. 
 

Capital Cost     $145,000 

Operation and Maintenance Cost:  

(current worth) $18,000 

Monitoring Cost $36,000 

Permitting     $0 

Total Present-Worth Cost:   $199,000 

Treatment Duration:    1.5 years 
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7.0 PILOT STUDY IMPLEMENTATION AND EVALUATION 
 
On May 18, 2005, a Pulse OX-100 chemical oxidation system (Applied Process Technology, Inc., 
Pleasant Hill, CA) was installed at the site.  The objectives of the pilot study are: 1) evaluate the 
effectiveness of chemical oxidation by ozone alone, and 2) confirm removal of hydrocarbons in 
groundwater, and 3) evaluate the radius of influence of the ozone sparging process.  
 
The remedial system included an ozone generator, a compressed air subsystem to provide 
pressured air, and a programmable logic controller to control the operation and distribution of the 
ozone delivery system.  The size of the Pulse OX-100 system is approximately 3 feet (width) x 3 
feet (length) x 4 feet (height). The ozone gas (adjustable to maximum of 2 lbs/day) was generated 
by the system. Two ozone sparging wells (i.e., RW-1 and RM-2) were installed at the site during 
the pilot study.  Manifold system was used to deliver ozone to the two ozone sparging wells.  The 
system was run for approximately 671 hours at the site.   
  

During the pilot study, ozone was delivered through the closed above ground ozone compatible 
delivery Teflon piping system to the ozone sparging wells via a stainless steel diffuser point. The 
ozone pressure at the ozone diffuser point is approximately equal to 9 to 10 psi.    A total of 14 
lbs of ozone was injected into each well during the course of the pilot study.  The ozone 
generation and delivery system was fully automated and was operated continuously for the 
duration of the pilot study with minimal operator assistance required.  In addition, the O&M 
technician made weekly and biweekly site visits during the pilot study.  During each site visit, the 
chemical oxidation system was checked for proper operation.  Each operating point was accessed 
and inspected for leaks, verification of flow, and piping integrity.  The system’s safety features 
include an ozone detector and a check valve to shut down the system, if needed.   
 

7.1 Drilling and Installation of Remediation Wells 
 

Two ozone sparging wells (RW-1 and RW-2) were drilled on site close to monitoring wells MW-
2 and J-01, using a truck-mounted drill rig equipped with hollow-stem auger.  A well permit was 
obtained from the County of Sonoma Department of Environmental Health (DEH) prior to 
drilling.  All drilling activities were performed in accordance with the conditions of the approved 
well permit under the supervision of a registered civil engineer.  A soil sample was collected in a 
stainless steel sleeve at RW-2 at the depth of 15 to 18 feet bgs at submitted to the laboratory for 
bench scale study, which will be discussed in Section 7.3.  In order to monitor the radius of 
influence of the ozone system, all infiltration wells were deployed at a distance of three to twenty 
feet away from a monitoring well.  The well locations are indicated on Figure 7.   

 

Ozone sparging well installation, and construction was performed in accordance with the 
conditions of the approved well permit.  The 8 inches diameters borehole was advanced into the 
aquifer through the source area to a depth of 21 feet bgs. After drilling tools are retrieved from 
the borehole, a twenty feet lengths of stainless steel riser pipe was threaded onto the ¾”terminal 
fittings of the 3-feet long pre-fabricated stainless steel Max-Ox sparging point. The Max-Ox point 
was installed into the borehole and set approximately 1.0 foot off bottom of borehole. Fill the 
annular space around the ozone screen with #2 1/12 sand filter pack to a minimum of 1.0 foot 
above the top of the screen. Add a 2-foot layer of bentonite to the annular space above the top of 
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the ozone screen sandpack.  Neat cement was then used to fill the space between the well case 
and the stainless steel diffuser points to prevent leakage.  Grout the remaining annular space 
around the stainless steel riser pipe to the surface with neat cement. The well was finished at the 
ground surface with threaded caps on each riser pipe. The riser pipes were vertically offset 6 
inches to accommodate final wellhead piping. The well was finished with an access vault. All well 
heads were secured to prevent ozone leakage. 
 
The ozone infiltration system was plumbed accordingly and all mechanical devices (motors, 
interlocks, and level sensors) and was wired to a local control panel and breaker box.  The 
air/ozone sparging point was connected to the system via Teflon delivery above piping network.  
The Teflon pipe was placed inside a 1-inch iron conduit and the piping system was placed inside a 
2-inch deep by 2-inch wide trench. The trench was then packed with cold asphalt to the ground 
surface. 
 

7.2 Pilot Study Performance Monitoring 
 

During the pilot study process, the groundwater monitoring activities were performed on 
monitoring wells MW-2, J-01, and MW-103 to monitor the progress of the pilot study.  The 
frequency of the groundwater sampling was biweekly. Groundwater sampling activities were 
performed at the beginning, the middle and the end of the pilot study.   
 
The static water level in each monitoring well was measured with a water level meter.  Each well 
was inspected for the presence of free-phase product using a clear disposable bailer. Following 
depth to groundwater measurements, monitoring wells will be purged using a submersible pump.  
Three borehole volumes of groundwater was purged from each well.  The parameters of pH, 
temperature, conductivity, turbidity, and dissolved oxygen in the groundwater were monitored 
with a water quality meter during the purging and sampling activities.  A copy of the groundwater 
monitoring log is included in Appendix A. After the wells recharge to at least 80% of the static 
water level, water samples were collected using dedicated disposable bailers with a bottom-
emptying device.  The groundwater samples were transferred to appropriate laboratory-supplied 
containers, properly labeled, and placed in a cooler maintained at 4±2º C for transport to the 
analytical laboratory. 
 

7.3 Bench Scale Study of Chemical Oxidation by Ozone and Hydrogen Peroxide  
 
The chemical oxidation bench scale study was performed by PRIMA Environmental laboratory of 
Sacramento, California.  The field soil sample collected from the subject site was submitted to the 
laboratory.  Several bench testing were conducted on the sample.  The objectives of the bench 
study are: 1) evaluate the effectiveness of chemical oxidation by ozone alone, and a combination 
of ozone and hydrogen peroxide, and 2) confirm removal of hydrocarbons in soil and liquid 
phases.  A copy of the bench study report is included in Appendix B. 
 
To determine whether ozone and ozone/hydrogen peroxide could remove petroleum 
hydrocarbons in soil and water, three batch tests were conducted as follows: 1) control; 2) ozone 
alone; and 3) ozone and hydrogen peroxide.  The treatment duration was six hours.  At the end of 
the test, the soil and water phases were separated via centrifugation and each analyzed for TPH-g, 
TPH-d, and COD.  Compared to the control test, TPH-d was completely removed from the ozone 
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test, and 40 percent from the ozone/hydrogen peroxide test, suggesting that ozone is effective in 
removal of diesel; also, ozone is slightly more effective than ozone/hydrogen peroxide.  However, 
it should be noted that the diesel concentration in the soil sample was relatively low.  The 
differences in COD results are probable due to natural variation with the soil, rather to an effect of 
treatment. 
 

Hydrocarbon Removal by Chemical Oxidation Batch Testing  
 

Concentration in Soil Concentration in Aqueous Analyt
e Units 

Control Ozone Ozone/Hydroge
n Peroxide Control Ozone Ozone/Hydroge

n Peroxide 
COD mg/L 3300 3600 3000 NA NA NA 

TPH-d mg/L 1 <1 <1 0.25 <0.1 0.15 

TPH-g mg/L <3 <3 <3 <0.05 <0.05 <0.05 

 

7.4 Pilot Study Evaluation 
 
Evaluating of the groundwater monitoring data collected during the pilot study (Table 4 and 
Figure 9), it indicates that the PulseOx -100 system removed approximately 20 percent of the 
TPH-g, and 57 percent of the BTEX in the well.  In addition, the COD was reduced 
approximately 32 percent and dissolved oxygen were increased.  Chemical reduction was seen in 
monitoring well MW-2 from mid-trial to end of the trial; however, levels of TPH-g and TPH-d 
increased above the November 2004 monitoring data.  Increased levels of COC are often seen in 
monitoring wells that are in areas where either free product remains in the soil, or there are high 
amounts of contamination in the soil and capillary fringe.  The agitation of the soil during ozone 
sparging can removed adsorbed phase hydrocarbons, increasing the level of dissolved phase 
contamination. Over time, the gasoline contaminants will decrease with increased application of 
oxidant.  Due to the distance of well MW-103 from the ozone sparging wells (over 60 feet), a 
slightly decrease in TPH-g and TPH-d was seen in MW-103.  However, there was no apparent 
decrease in BTEX.   
 
In addition, impact of chemical oxidation was seen in well MW-301, with the TPH-g 
concentration decreased approximately 79 percent and TPH-d decreased to non-detected from 
340 ug/L in December 2004 to June 2005.  It indicated that the radius of influence of ozone 
sparging is more than 20 feet. 
 
Also, of note was the 20 fold increase in heterotrophic bacteria after injection of ozone and air 
during the pilot study. This would be considered a positive sign that ozone injection is enhancing 
in situ biodegradation and the biological reduction of COCs at this site.  
 
Based on the pilot study and bench testing results, the chemical oxidations by ozone alone and 
combination of ozone and hydrogen peroxide are both effective in removing hydrocarbons in soil 
and groundwater.  However, the ozone alone showed more positive data than the combination of 
hydrogen peroxide.  Since injection of hydrogen peroxide may require site-specific waste 
discharge permit, additional sparging points, and additional material and O&M cost.  The pilot 
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study finding is useful in selecting the field implementation, which is in situ chemical oxidation by 
ozone alone. 
 

 
7.5 Laboratory Analysis 

 
The soil and groundwater samples collected during our pilot study were submitted to a state 
certified laboratory in good conditions with appropriate chain-of-custody documentation. The 
following constituents were analyzed on all groundwater samples: 
 
� Total Petroleum Hydrocarbons (TPH) gasoline and diesel range by EPA method 8015 

(modified), 
 

� Volatile organic compounds including benzene, toluene, ethylbenzene, and xylenes 
(BTEX), fuel oxygenate methyl tertiary butyl ether (MTBE) by EPA method 8260B. 

 
In addition, other groundwater parameters including chemical oxygen demand, biochemical 
oxygen demand, and total heterotrophic plate count were monitored during the pilot study 
process. 
 
The following constituents were analyzed on soil samples: 
 
� Total Petroleum Hydrocarbons (TPH) gasoline and diesel range by EPA method 8015 

(modified). 
 

In addition, other soil parameters including TCLP gasoline and diesel, chemical oxygen demand 
were analyzed for the soil collected for the bench study.  A copy of the laboratory report is 
included in Appendix C. 
 

7.6 Investigation-Derived Waste  
 

All soil cuttings generated during the pilot study activities, including water generated from 
decontamination procedures, were stored in 55-gallon DOT-approved drums.  All drums were 
sealed, properly labeled, and stored at the site.  All stored soil was characterized and subsequently 
was disposed offsite by a state-licensed waste-disposal company.  The waste-disposal company 
properly manifested (non-hazardous-waste-disposal manifests) and disposed the IDW at a state-
approved waste disposal facility.    
 

The wastewater generated during the groundwater monitoring event, including water generated 
from decontamination procedures and purging, were stored in a 1000-gallon baker tank.  The 
tank was sealed, properly labeled, and stored at the site. For wastewater disposal, a formal 
request for a one-time discharge permit was submitted to Mr. Chris Murray, the Industrial Waste 
Inspector of the City of Santa Rosa Utilities Department.  A representative water quality analysis 
was submitted to the City of Santa Rosa Utilities Department and confirmed that the groundwater 
met discharge requirements.  The approximately 1000 gallons groundwater was discharged to the 
sewer inlet located at the facility.  The discharge was performed under the supervision of 
Industrial Waste Inspector from the City of Santa Rosa Utilities Department.   
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8.0 PROPOSED REMEDIAL APPROACH 
 
Based on the evaluation of the technical effectiveness of the three remedial alternatives, it is 
assumed that each alternative will eventually meet the site clean up goals.  However, the most 
cost-effective alternative will be selected as the proposed remedial approach.  The summary of the 
selected remedial alternatives is included in Table 5. 
 
Based on the comparative evaluation of the three Remedial Alternatives, alternative 3) in situ 
Chemical oxidation using ozone at a total estimated cost of $199,000, is the most cost-effective 
method of achieving the source reduction. In addition, the pilot study data confirmed that the in 
situ chemical oxidation is feasible and applicable for the subject site.    To cleanup the site, the 
total duration of the in situ chemical oxidation by ozonation alone will be one year to 1.5 years.   
 
Based on the evaluation of the current site condition data, the pilot study data, and the radius of 
influence of ozone sparging, in addition to existing ozone sparging wells RW-1 and RW-2, six 
ozone sparging wells (i.e., RW-3 through RW-8) will be installed in the area of the monitoring 
wells MW-2, J-01, MW-101, MW-103, and MW-301 around the former gasoline and diesel 
USTs.  Ozone sparging wells RW-1 through RW-7 are targeted to treat the source area.  RW-8 is 
located downgradient of the remediation area, if any off site migration of the dissolved plume is 
reported, ozone will be injected into the well RW-7 to stop possible off site migration of the 
dissolved plume.  The proposed well locations are indicated in Figure 10.  The ozone sparging 
wells and the system installation procedures will follow the same procedures used during the pilot 
study.  The performance monitoring program will be discussed in Section 9.0. 
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9.0 PERFORMANCE MONITORING PROGRAM 
 

The performance monitoring program will be established to evaluate the effectiveness of the 
enhanced intrinsic bioremediation and natural attenuation processes in mitigating the petroleum-
impacted soil and groundwater at the site.  During performance monitoring, the concentration 
distributions of the indicator parameters will be evaluated for patterns and/or general trends 
relative to the concentration of the gasoline and diesel-ranged petroleum hydrocarbons within the 
dissolved plume(s) in groundwater beneath the site.  
 
Furthermore, the treatment monitoring process will be designed to quantify the degradation rates 
of the dissolved petroleum hydrocarbons in groundwater beneath the site.  The performance 
monitoring will be performed quarterly for the first year, and semi-annually for the second year, if 
necessary. 
 
The following sub-sections provide a description of geochemical indicators of remediation 
processes, methodology and components of the post-application performance monitoring 
program.  Selected geochemical indicators will be monitored during the morning events.  The 
selection of geochemical indicators to be monitored will be adjusted at each monitoring event, as 
appropriate, based on previous groundwater monitoring results. 
 

9.1 Contaminant Concentration Reduction 
 

During the post-application performance monitoring, COCs, and groundwater data within the 
plume will be collected from seven groundwater monitoring wells (i.e., MW-2, J-01, MW-301, 
MW-101, MW-103, UH-P1, and MW-102) quarterly and analyzed for TPH-d, TPH-g, BTEX, 
and MTBE.  
 
The remedial process performance monitoring data will be evaluated and the COC concentrations 
will be compared to the site-specific closure clean-up levels.  Contaminant concentration 
reduction trends will be evaluated and COC mass removal rate(s) will be estimated.  These 
analyses will be used to monitor the effectiveness of the remediation process in mitigating 
petroleum-hydrocarbon contaminated groundwater beneath the site, and to modify or enhance the 
remedial processes, if needed, and to determine termination of the remedial process, if the cleanup 
goal has been achieved.  
 

9.2 Geochemical Indicators of Remediation and Monitoring 
 

During the post-application performance monitoring, selected site-specific geochemical 
(microbiological and respirometry) data will also be collected and evaluated from five 
groundwater monitoring wells (i.e., MW-2, J-01, MW-301, MW-101, and MW-103) quarterly.  
The collected and evaluated performance monitoring data (indicator parameters) could include 
biochemical oxygen demand, chemical oxygen demand, dissolved oxygen, pH, temperature, 
conductivity, and microbial enumeration’s (i.e., heterotrophic plate count). 
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9.3 Monitoring Program Documentation and Reporting 
 

Quarterly groundwater monitoring reports will be prepared to document the results of field 
performance monitoring activities and the progress towards mitigation of petroleum hydrocarbons 
at the site.  All field notes will be available for inspections for the regulatory agencies and client. 
 

9.4 Remedial Action Plan Implementation Schedule 
 

A preliminary remedial action implementation schedule is presented in Figure 11.  The schedule 
presents the remedial approach activities/tasks and associated time frames for implementation.  
The proposed schedule may vary depending on client and regulatory agency review, and may also 
be dependent on future site development activities.  
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10.0 LIMITATIONS  
 

During the preparation of this CAP, we attempted to review as much data as possible pertaining 
to the site in a tight schedule.  This report presents opinions pertaining to the subject site, which 
are based, in part, on the assumption that the subsurface conditions do not deviate appreciably 
from those disclosed by the observed field conditions.  The possibility that conditions are 
otherwise cannot be discounted. 
 
The environmental remediation services described herein consist of professional opinions and 
recommendations made in accordance with generally accepted geotechnical and geological 
engineering principles and practices and based on our evaluation of the technical information 
gathered for and our general observations of conditions prevalent at the subject site.  SOTA 
Environmental Technology, Inc. does not otherwise provide any implied or expressed guarantees 
regarding the characteristics or conditions of environmental media at the subject site and the 
performance of the project in any respect.  



Table 1
Historical Summary of Soil Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

Boring No.
Sample 

Date

Sample
Depth
(feet)

TPH-G
(mg/kg)

TPH-D
(mg/kg)

Benzene
(mg/kg)

Toluene
(mg/kg)

Ethyl 
Benzene
(mg/kg)

Xylene
(mg/kg)

Organic 
Lead

(mg/kg)

MTBE
(mg/kg)

EDB*
(mg/kg)

TRPH
(mg/kg)

1, 2 - 
DCA**
(mg/kg)

B-101 2/4/1992 15 ND ND 0.035 0.018 0.007 0.026 NA NA NA NA NA
8/18/1992 18 NA NA >20 NA NA NA NA NA NA NA NA
2/4/1992 20 19 7.4 1.20 1.50 0.32 1.20 NA NA NA NA NA

B-102 2/4/1992 15 ND ND ND ND ND ND NA NA NA NA NA
8/18/1992 22 NA NA NA NA NA NA NA NA NA NA NA

B-103 8/18/1992 15 NA NA >10 NA NA NA NA NA NA NA NA
2/4/1992 15 ND ND 0.015 ND 0.006 0.003 NA NA NA NA NA
2/4/1992 20 16 1.40 2.00 3.00 0.26 1.30 NA NA NA NA NA

B-104 8/18/1992 15 NA NA <10 NA NA NA NA NA NA NA NA
2/4/1992 20 ND ND ND ND ND ND NA NA NA NA NA

B-105 8/18/1992 18 NA NA <10 NA NA NA NA NA NA NA NA
2/4/1992 10 48 5 0.032 ND ND 0.21 NA NA NA NA NA

B-201 8/18/1992 18 ND ND ND ND ND ND NA NA NA NA NA
B-202 8/18/1992 20 ND ND ND ND ND ND NA NA NA NA NA
B-203 8/18/1992 25 ND ND ND ND ND ND NA NA NA NA NA
B-204 8/18/1992 30 ND ND ND ND ND ND NA NA NA NA NA
B-205 8/18/1992 21 ND ND 0.03 0.044 0.017 0.036 NA NA NA NA NA
B-206 8/18/1992 15 ND ND ND ND ND ND NA NA NA NA NA

B-1 9/18/1990 15 4000 24 ND 60 35 250 NA NA NA NA NA
B-2 9/18/1990 5 ND ND ND ND ND ND NA NA NA NA NA
B-3 9/18/1990 15 2.2 ND 0.035 0.047 ND 0.026 NA NA NA NA NA
B-4 9/18/1990 15 ND ND ND ND ND ND NA NA NA NA NA

MW-1 9/18/1990 10 ND ND ND ND ND ND NA NA NA NA NA
9/18/1990 20 3.2 ND 0.067 ND ND ND NA NA NA NA NA

MW-2 9/18/1990 15 15 16 0.053 0.11 0.023 0.13 NA NA NA NA NA
9/18/1990 20 1.7 ND 0.95 0.30 0.21 0.96 NA NA NA NA NA

MW-101 2/4/1992 15 ND ND 0.066 0.006 ND 0.016 NA NA NA NA NA
2/4/1992 25 ND ND ND ND ND ND NA NA NA NA NA

MW-102 2/4/1992 15 ND ND ND ND ND ND NA NA NA NA NA
2/4/1992 20 ND ND ND ND ND ND NA NA NA NA NA

MW-103 2/4/1992 15 1200 160 13 49 18 84 NA NA NA NA NA
MW-104 2/4/1992 15 ND 1.4 0.006 0.003 ND ND NA NA NA NA NA
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Table 1
Historical Summary of Soil Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

Boring No.
Sample 

Date

Sample
Depth
(feet)

TPH-G
(mg/kg)

TPH-D
(mg/kg)

Benzene
(mg/kg)

Toluene
(mg/kg)

Ethyl 
Benzene
(mg/kg)

Xylene
(mg/kg)

Organic 
Lead

(mg/kg)

MTBE
(mg/kg)

EDB*
(mg/kg)

TRPH
(mg/kg)

1, 2 - 
DCA**
(mg/kg)

MW-201 8/18/1992 25 0.06 ND ND ND ND ND NA NA NA NA NA
MW-202 8/18/1992 15 ND ND ND ND ND ND NA NA NA NA NA
MW-203 8/18/1992 25 ND ND ND ND ND ND NA NA NA NA NA

Waste Oil Overexcavation
North 01/88 8.5 NA NA ND ND 7 57 NA NA NA 62 NA
East 01/88 9 NA NA ND ND ND ND NA NA NA 70 NA
West 01/88 10     NA NA ND ND ND 19 NA NA NA 11 NA

 Diesel UST Overexcavation
TP-2-1 09/93 13 NA 3,800 1 12.50 6 34.5 NA NA NA NA NA
TP-2-2 09/93 16 NA 5,000 2 16.50 8 12.5 NA NA NA NA NA
TP-2-3 09/93 17.5 NA 2,090 2.8 9.90 2.4 18 NA NA NA NA NA
TP-2-4 09/93 16.5 NA 2,850 1.52 6.30 4.6 20.3 NA NA NA NA NA

 Gasoline UST Overexcavation
TP-1-1 09/93 13 72 NA 3.2 8.1 0.9 21 NA NA NA NA NA
TP-1-2 09/93 17 10.3 NA 0.2 3.5 1.95 8.5 NA NA NA NA NA
TP-1-3 09/93 17 120 NA 2.75 6.75 19 83 NA NA NA NA NA
TP-1-4 09/93 16.5 0.78 NA 0.03 0.1 0.03 0.17 NA NA NA NA NA
TP-1-5 09/93 18 9.8 NA 0.18 3 1.7 7.3 NA NA NA NA NA
TP-1-6 09/93 18 12 NA 0.23 4.1 2.15 9.1 NA NA NA NA NA
TP-1-7 09/93 18 33 NA 2.8 7.5 0.9 18.1 NA NA NA NA NA

 Pump Island Overexcavation
TP-3-1 09/93 4.5 <500 2020 0.1 0.4 2.9 13.1 NA NA NA NA NA

Notes:
ND-non detect
NA-not analyzed
* 1, 2 - Dibromomethane (EDB)
** 1, 2 - Dichloroethane (1, 2 - DCA)
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Table 1 (Cont.)
Historical Summary of Soil Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

TPH-g TPH-d Benzene Toluene Ethyl-benzene Xylenes MTBE EDB 1,2-DCA

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

SOTA-1

 5 feet 02/27/02 ND<1 ND<5 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005

10 feet 02/27/02 ND<1 ND<5 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005

15 feet 02/27/02 2,100 370 ND<120 ND<120 ND<120 ND<120 ND<120 ND<120 ND<120

20 feet 02/27/02 580 160 ND<50 74 ND<50 130 ND<50 ND<50 ND<50

SOTA-2

 5 feet 02/27/02 ND<1 ND<5 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005

10 feet 02/27/02 1.1 ND<5 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

15 feet 02/27/02 14 9.8 ND<2 ND<2 ND<2 5.1 ND<2 ND<2 ND<2

20 feet 02/27/02 270 53 ND<12 ND<12 ND<12 ND<12 ND<12 ND<12 ND<12

25 feet 02/27/02 ND<1 ND<5 0.017 ND<5 0.023 0.160 0.049 ND<0.005 ND<0.005

SOTA-3

2 feet 02/27/02 ND<1 ND<5 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005

5 feet 02/27/02 ND<1 ND<5 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005

8 feet 02/27/02 ND<1 ND<5 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005

11 feet 02/27/02 ND<1 ND<5 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005 ND<0.005

Date 
Sampling

Sample
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Table 1 (Cont.)
Historical Summary of Soil Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

TPH-g TPH-d Benzene Toluene Ethyl-benzene Xylenes MTBE EDB 1,2-DCA

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Date 
Sampling

Sample

MW-401

 5 feet 11/06/03 ND<1.7 ND<5 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044

10 feet 11/06/03 ND<1.8 ND<5 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046

15 feet 11/06/03 ND<2.0 ND<5 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044

20 feet 11/06/03 ND<1.8 ND<5 ND<0.0048 ND<0.0048 ND<0.0048 ND<0.0048 ND<0.0048 ND<0.0048 ND<0.0048

25 feet 11/06/03 ND<1.7 ND<5 ND<0.0042 ND<0.0042 ND<0.0042 ND<0.0042 ND<0.0042 ND<0.0042 ND<0.0042

MW-402

 5 feet 11/06/03 ND<1.7 ND<5 ND<0.0042 ND<0.0042 ND<0.0042 ND<0.0042 ND<0.0042 ND<0.0042 ND<0.0042

10 feet 11/06/03 ND<2.0 ND<5 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046

15 feet 11/06/03 ND<1.8 ND<5 ND<0.0049 ND<0.0049 ND<0.0049 ND<0.0049 ND<0.0049 ND<0.0049 ND<0.0049

20 feet 11/06/03 ND<1.8 ND<5 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044 ND<0.0044

25 feet 11/06/03 ND<1.8 ND<5 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046 ND<0.0046

30 feet 11/06/03 ND<1.7 ND<5 0.026 ND<0.0043 ND<0.0043 ND<0.0043 ND<0.0043 ND<0.0043 ND<0.0043

PRG NA NA 0.65 520 230 210 17 NA NA
SSL 100 1,000 NA NA NA NA NA NA NA

Notes:
ND: Not detected
NA: Not available
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Table 2
 Historical Summary of Grroundwater Elevation Data 

-Santa Rosa U-Haul Center

WELL ID TOC DATE PRODUCT DEPTH TO GROUNDWATER 

ELEVATION* (ft) MEASURED THICKNESS** GROUNDWATER (ft) ELEVATION (ft)

MW-1 07/26/91 0 17.28 81.82

10/25/91 0 19.37 79.73

01/21/92 0 18.89 80.21

04/28/92 0 11.67 87.36

07/21/92 0 15.52 83.51

05/19/94 0 4.48 94.55

10/19/94 0 17.80 81.23

07/20/95 0 11.09 87.94

04/17/96 0 5.81 93.22

11/06/96 0 15.80 83.23

05/13/99 0 7.16 91.87

01/25/00 0 11.33 87.7

07/10/00 0 11.27 87.76

06/19/01 0 11.92 87.11

02/28/02 0 6.01 93.02

03/06/03 0 6.47 92.56

11/16/04 0 11.91 91.86

06/28/05 0 6.48 97.29
MW-2 07/26/91 2.18' 18.35 80.19

10/25/91 3.2' 22.64 75.9

01/21/92 0.02' 18.69 79.85

04/28/92 SHEEN 11.30 87.24

07/21/92 0.14' 15.64 82.9

05/19/94 SHEEN - -

10/19/94 SHEEN 17.36 81.18

07/20/95 SHEEN 10.58 87.96

04/17/96 0 5.60 92.94

11/06/96 LIGHT SHEEN 15.35 83.19

05/14/99 0 6.93 91.61

01/24/00 0 10.85 87.69

07/11/00 0 10.78 87.76

06/19/01 SHEEN 11.34 87.20

03/01/02 LIGHT SHEEN 5.90 92.64

03/06/03 0 6.10 92.44

11/16/04 0 11.35 91.93

06/29/05 0 5.66 97.62
J-01 NS 07/26/91 NM DRY

10/25/91 NM NM

01/21/92 NM NM

04/28/92 0 DRY

07/21/92 0 DRY

05/19/94 0 4.38

10/19/94 0 14.50

07/20/95 0 10.72

04/17/96 0 5.73

11/06/96 apprx. = 0.005' 14.50

05/13/99 0 6.85

01/25/00 0 10.80

07/11/00 0 10.88

06/19/01 0 11.32

03/01/02 0 5.92

99.03

99.10

98.54

103.77

103.28

Page 1 of 4



Table 2
 Historical Summary of Grroundwater Elevation Data 

-Santa Rosa U-Haul Center

WELL ID TOC DATE PRODUCT DEPTH TO GROUNDWATER 

ELEVATION* (ft) MEASURED THICKNESS** GROUNDWATER (ft) ELEVATION (ft)

J-01 NS 03/06/03 0 6.22

11/16/04 0 11.36 92.05

06/29/05 0 6.14 97.27
UH-P1 07/26/91 0 16.98 81.73

10/25/91 0 19.15 79.56

01/21/92 0 18.39 80.32

04/28/92 0 10.89 87.77

07/21/92 0 15.29 83.37

05/19/94 0 4.13 94.53

07/20/95 0 10.42 88.24

04/17/96 0 5.53 93.13

05/13/99 0 6.84 91.82

01/24/00 0 11.56 87.1

07/10/00 0 10.7 87.96

06/19/01 0 11.33 87.33

03/01/02 0 5.99 92.67

03/06/03 0 6.25 92.41
103.42 11/16/04 0 11.75 91.67

06/28/05 0 6.16 97.26
UH-P2 07/26/91 0 23.73 75.69

10/25/91 0 26.93 72.49

01/21/92 0 24.35 75.07

04/28/92 0 16.31 83.11

07/21/92 0 22.39 77.03

05/19/94 0 7.98 91.44

07/20/95 0 15.94 83.48

04/17/96 0 9.20 90.22

05/13/99 0 10.04 89.38

01/25/00 0 15.70 83.72

07/10/00 0 15.28 84.14

06/19/01 0 16.18 83.24

03/01/02 0 8.60 90.82

03/06/03 0 8.32 91.10
104.23 11/16/04 0 14.28 89.95

06/28/05 0 7.43 96.80
MW-101 04/28/92 0 16.28 82.49

07/21/92 0 22.39 76.38

05/19/94 0 10.15 88.62

10/19/94 0 24.02 74.75

07/20/95 0 17.36 81.41

04/17/96 0 11.54 87.23

11/06/96 0 21.22 77.55

05/13/99 0 13.13 85.64

01/25/00 0 17.01 81.76

07/11/00 0 18.39 80.38

06/18/01 0 18.95 79.82

03/01/02 0 10.76 88.01

03/06/03 0 10.82 87.95
103.52 11/16/04 0 17.97 85.55

06/29/05 0 10.55 92.97

103.41

98.71

98.66

99.42

98.77
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Table 2
 Historical Summary of Grroundwater Elevation Data 

-Santa Rosa U-Haul Center

WELL ID TOC DATE PRODUCT DEPTH TO GROUNDWATER 

ELEVATION* (ft) MEASURED THICKNESS** GROUNDWATER (ft) ELEVATION (ft)

MW-102 04/28/92 0 11.15 87.9

07/21/92 0 15.35 83.7

05/19/94 0 4.40 94.65

10/19/94 0 17.20 81.85

07/20/95 0 10.66 88.39

04/17/96 0 5.73 93.32

11/06/96 0 15.50 83.55

05/13/99 0 6.95 92.10

01/25/00 0 10.81 88.24

07/11/00 0 10.87 88.18

06/18/01 0 11.38 87.67

03/01/02 0 6.13 92.92
03/06/03 0 6.42 92.63

103.46 11/16/04 0 11.66 91.80

06/28/05 0 6.31 97.15
MW-103 04/28/92 0 14.89 83.88

07/21/92 0 21.88 76.89

05/19/94 0 7.41 91.36

10/19/94 0 23.54 75.23

07/20/95 0 14.12 84.65

04/17/96 0 7.50 91.27

11/06/96 0 20.39 78.38

05/13/99 0 6.73 92.04

01/24/00 0 10.01 88.76

07/10/00 0 10.48 88.29

06/18/01 0 11.26 87.51

02/28/02 0 5.62 93.15

03/06/03 0 6.97 91.80
103.02 11/16/04 0 9.88 93.14

06/29/05 0 5.77 97.25
MW-104 04/28/92 0 11.23 87.82

07/21/92 0 15.46 83.59

05/19/94 0 4.53 94.52

10/19/94 0 17.30 81.75

07/20/95 0 10.79 88.26

04/17/96 0 5.83 93.22

11/06/96 0 15.55 83.50

05/14/99 0 6.52 92.53

01/25/00 0 10.73 88.32

07/11/00 0 11.00 88.05

06/18/01 0 11.52 87.53

03/01/02 0 6.31 92.74

03/06/03 0 6.49 92.56
103.55 11/16/04 0 11.80 91.75

06/28/05 0 6.36 97.19
MW-201 99.16 05/19/94 0 5.65 93.51

10/19/94 0 23.70 75.46

07/20/95 0 10.89 88.27

04/17/96 0 6.42 92.74

05/13/99 0 7.35 91.81

01/25/00 0 9.39 89.77

07/10/00 0 11.07 88.09

06/18/01 0 11.77 87.39

99.05

98.77

99.05
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Table 2
 Historical Summary of Grroundwater Elevation Data 

-Santa Rosa U-Haul Center

WELL ID TOC DATE PRODUCT DEPTH TO GROUNDWATER 

ELEVATION* (ft) MEASURED THICKNESS** GROUNDWATER (ft) ELEVATION (ft)

MW-201 99.16 02/28/02 0 6.02 93.14

03/06/03 0 6.5 92.66
103.99 11/16/04 0 10.16 93.83

06/29/05 0 6.39 97.60
MW-202 05/19/94 0 4.58 94.19

10/19/94 0 19.01 79.76

07/20/95 0 10.64 88.13

04/17/96 0 5.45 93.32

05/13/99 0 7.06 91.71

01/24/00 0 9.08 89.69

07/10/00 0 10.22 88.55

06/18/01 0 11.04 87.73

02/28/02 0 6.08 92.69

03/06/03 0 6.49 92.28
103.38 11/16/04 0 10.02 93.36

06/29/05 0 6.4 96.98
MW-203 05/19/94 0 10.45 88.91

10/19/94 0 24.48 74.88

07/20/95 0 17.49 81.87

04/17/96 0 11.74 87.62

05/13/99 0 13.40 85.96

01/24/00 0 16.13 83.23

07/10/00 0 18.13 81.23

06/18/01 0 18.67 80.69

02/28/02 0 10.45 88.91
03/06/03 0 10.52 88.84

103.98 11/16/04 0 15.33 88.65
06/28/05 0 10.69 93.29

MW-301 05/19/94 0 4.40

10/19/94 0 15.90

07/20/95 0 10.47

04/17/96 0 5.69

11/06/96 apprx. = 0.005' 14.89

05/13/99 0 6.65

01/25/00 0 10.29

07/11/00 0 10.26

06/18/01 0 10.85

03/01/02 0 5.80

03/06/03 0 5.97
103.28 11/16/04 0 11.04 92.24

06/28/05 0 5.86 97.42
MW-401 NS 11/07/03 0 12.88

103.7 11/16/04 0 9.80 93.90

06/29/05 0 6.11 97.59
MW-402 NS 11/07/03 0 13.21

103.27 11/16/04 0 9.78 93.49

06/29/05 0 5.98 97.29

NOTES:
   TOC Top of casing.
   NS Not surveyed.
   NM Not measured.
   * Elevations reported in feet +MSL.
   ** Product Thicknesses and Depths reported in feet.

1992 Measurements reported by Earthtec Ltd., (October 1992).  All others by SOTA.

98.77

NS

99.36
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Table 3
Historical Summary of Groundwater Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

MW-1 07/26/91 39 660 5.9 0.34 ND 0.03 -

08/21/91 72 ND 11 0.33 ND ND -

10/25/91 100 ND 2.1 ND ND ND -

01/21/92 ND ND ND ND ND ND -

04/28/92 ND 180 ND ND ND ND -

07/21/92 ND ND 1.0 ND ND ND -

04/15/95 200 540 3.3 ND ND ND -

07/22/95 950 ND 21 0.41 ND 1.9 -

04/16/96 320 ND 23 0.49 ND 0.66 23

05/13/99 ND ND ND ND ND ND 16

01/25/00 ND 618 ND ND ND ND 9.11

07/10/00 ND 478 ND ND ND ND ND

06/19/01 110 530 17 1.9 ND<0.5 2.2 15

02/28/02 ND<50 880 0.52 ND<0.5 1.2 2.9 12

03/06/03 ND<50 760 ND<1.0 ND<1.0 ND<1.0 ND<1.0 25

11/16/04 ND<50 700 ND<0.5 ND<0.5 ND<0.5 ND<0.5 2.7

06/29/05 <50 <100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 ND<1.0

MW-2 04/28/92 FP FP FP FP FP FP FP

07/21/92 - - - - - - -

04/15/95 61,000 25,000 200 3,000 670 9,300 -

07/22/95 FP FP FP FP FP FP -

04/16/96 FP FP FP FP FP FP FP

05/13/99 28,000 ND 170 530 520 3,420 51

01/25/00 18,000 9,970 27.6 60.9 167 1,550 ND

07/11/00 18,800 5,170 86.8 254.0 372 2,890 ND

06/19/01 22,000 14,000 110 170 320 1,800 ND<50

03/01/02 3,500 2,800 15 30 23 220 ND<1.0

03/07/03 1,800 2,000 24 66 18 240 ND<2.5

11/17/04 3,500 2,000 71 53 130 510 31

06/29/05 9,530 5,400 26 59 118 907 17

Benzene                
EPA     

8260B

Toluene 
EPA     

8260B

Xylene  
EPA 

8260B
Well No.

Sample 
Date

TPH 
(Gasoline)   
EPA 8015

TPH 
(Diesel)  

EPA 8015 

MTBE       
EPA 

8260B

Ethyl 
Benzene    

EPA 8260B
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Table 3
Historical Summary of Groundwater Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Benzene                
EPA     

8260B

Toluene 
EPA     

8260B

Xylene  
EPA 

8260B
Well No.

Sample 
Date

TPH 
(Gasoline)   
EPA 8015

TPH 
(Diesel)  

EPA 8015 

MTBE       
EPA 

8260B

Ethyl 
Benzene    

EPA 8260B

J-01 04/28/92 - - - - - - -

07/21/92 - - - - - - -

04/15/95 36,000 6,500 930 4,700 360 6,200 -

07/22/95 12,000 5,300 820 1,800 370 2,200 -

04/16/96 30,000 9.2 940 3,100 1,100 6,200 780

05/13/99 11,000 ND 920 410 750 2,220 370

01/25/00 16,000 2,680 922 350 781 2,540 244

07/11/00 ND 85.1 4.51 ND ND ND 139

06/19/01 130 190 11 ND<10 ND<10 ND<10 330

03/01/02 7,000 1,800 470 94 400 360 370

03/07/03 5,300 1,200 490 73 320 190 400

11/17/04 4,500 1,300 780 71 320 87 440

06/29/05 3,200 930 160 75 69 114 190

UH-P1 07/26/91 ND 130* ND ND ND ND -

08/21/91 ND ND ND ND ND ND -

10/25/91 -  -  -  -  -  - -

01/21/92 ND ND ND ND ND ND -

04/28/92 1200 110 16 3.8 1.1 4.9 -

07/21/92 72 ND 1.9 6.8 1.8 8.7 -

04/15/95 ND ND ND ND ND ND -

07/22/95 ND ND ND ND ND ND -

04/16/96 ND ND ND ND ND ND ND

05/13/99 ND ND ND ND ND ND ND

01/25/00 ND 50.5 ND ND ND ND 2.54

07/10/00 ND ND ND ND ND ND 0.569

06/19/01 ND<50 90 ND<0.5 ND<0.5 ND<0.5 ND<0.5 2.3

03/01/02 ND<50 170 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

03/06/03 ND<50 190 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

11/16/04 ND<50 80 ND<0.5 ND<0.5 ND<0.5 ND<0.5 6.8

06/28/05 ND<50 ND<100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 ND<1.0
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Table 3
Historical Summary of Groundwater Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Benzene                
EPA     

8260B

Toluene 
EPA     

8260B

Xylene  
EPA 

8260B
Well No.

Sample 
Date

TPH 
(Gasoline)   
EPA 8015

TPH 
(Diesel)  

EPA 8015 

MTBE       
EPA 

8260B

Ethyl 
Benzene    

EPA 8260B

UH-P2 07/26/91 ND ND ND ND ND ND -

08/21/91 ND ND ND ND ND ND -

10/25/91 ND ND ND ND ND ND -

01/21/92 ND ND ND ND ND ND -

04/28/92 ND ND ND ND ND ND -

07/21/92 - - - - - - -

04/15/95 ND ND ND ND ND ND -

07/22/95 ND ND ND ND ND ND -

04/16/96 ND ND ND ND ND ND -

05/13/99 ND ND ND ND ND ND ND

01/25/00 ND ND ND ND ND ND ND

07/10/00 ND ND ND ND ND ND 0.638

06/19/01 ND<50 ND<50 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<1.0

03/01/02 ND<50 58 ND<0.5 ND<0.5 ND<0.5 ND<0.5 1.4

03/06/03 ND<50 ND<50 ND<0.5 ND<0.5 ND<0.5 ND<0.5 1.5

11/16/04 ND<50 ND<49 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

06/28/05 ND<50 ND<100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 ND<1.0

MW-101 04/28/92 12000 570 1500 340 54 290 -

07/21/92 5,900 ND 1,400 280 548 170 -

04/15/95 3,600 1,200 550 200 ND 300 -

07/22/95 5,900 760.0 1,000 640 210 650 -

04/16/96 2,700 ND 410 89 19 270 100

05/13/99 300 ND 29 ND 15 13 110

01/25/00 336 153 59 4.18 13.9 13.3 21.6

07/11/00 548 140 96.5 2.13 23.8 2.78 53.3

06/18/01 280 190 65 ND<10 12 ND<10 59

03/01/02 60 340 4.3 ND<2.5 ND<2.5 ND<2.5 140

03/07/03 ND<50 140 ND<2.5 ND<2.5 ND<2.5 ND<2.5 130

11/16/04 57 140 3.2 ND<0.5 ND<0.5 ND<0.5 28

06/29/05 77 ND<100 2.2 ND<5.0 ND<5.0 ND<5.0 34

MW-102 04/28/92 1000 110 65 9.8 1.7 8.3 -

07/21/92 270 ND 30 ND ND 1.4 -

04/15/95 ND ND ND ND ND ND -

07/22/95 ND ND ND ND ND ND -

04/16/96 ND ND ND ND ND ND ND
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Table 3
Historical Summary of Groundwater Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Benzene                
EPA     

8260B

Toluene 
EPA     

8260B

Xylene  
EPA 

8260B
Well No.

Sample 
Date

TPH 
(Gasoline)   
EPA 8015

TPH 
(Diesel)  

EPA 8015 

MTBE       
EPA 

8260B

Ethyl 
Benzene    

EPA 8260B

MW-102 05/13/99 ND ND ND ND ND ND ND

01/25/00 ND ND ND ND ND ND 0.72

07/11/00 ND 141 ND ND ND ND 0.588

06/18/01 ND<50 50 ND<0.5 ND<0.5 ND<0.5 ND<0.5 1.9

03/01/02 ND<50 140 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

03/07/03 ND<50 130 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

11/16/04 ND<50 100 ND<0.5 ND<0.5 ND<0.5 ND<0.5 4.3

06/28/05 ND<50 ND<100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 1.4

MW-103 04/01/92 80000 10000 16,000 18,000 1,600 9,400 -

07/21/92 110,000 ND 16,000 13,000 1,400 5,200 -

04/15/95 12,000 2,500 640 1,100 53 1,500 -

07/22/95 33,000 690 2,800 3,000 870 440 -

04/16/96 12,000 3 620 520 610 1,400 210

05/13/99 6,500 ND 220 77 750 840 51

01/25/00 1,120 327 56.3 5.4 87.1 27.7 16.2

07/10/00 ND 185 ND ND ND ND 1.64

06/18/01 120 270 7.6 0.5 2.0 2.4 8.3

02/28/02 4,300 900 190 57 200 400 6.5

03/07/03 1,600 690 96 26 88 180 5.7

11/17/04 960 290 37 11 43 84 3.2

06/29/05 1,080 170 52 25 72 158 2.1

MW-104 04/01/92 730 430 70 11 3.7 26 -

07/21/92 310 ND 14 4.5 2.0 3.9 -

04/15/95 ND ND ND ND ND ND -

07/22/95 ND 510.0 ND ND ND ND -

04/16/96 ND ND ND ND ND ND ND

05/13/99 ND ND ND 7.7 8.5 52.0 -

01/25/00 ND 54.9 ND ND ND ND ND

07/11/00 ND 844 ND ND ND ND ND

06/19/01 ND<50 87 ND<0.5 ND<0.5 ND<0.5 ND<0.5 1.3

03/01/02 ND<50 190 ND<0.5 ND<0.5 ND<0.5 ND<0.5 8.1

03/07/03 ND<50 190 ND<0.5 ND<0.5 ND<0.5 ND<0.5 20

11/16/04 ND<50 140 ND<0.5 ND<0.5 ND<0.5 ND<0.5 9.2

06/28/05 ND<50 ND<100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 6
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Table 3
Historical Summary of Groundwater Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Benzene                
EPA     

8260B

Toluene 
EPA     

8260B

Xylene  
EPA 

8260B
Well No.

Sample 
Date

TPH 
(Gasoline)   
EPA 8015

TPH 
(Diesel)  

EPA 8015 

MTBE       
EPA 

8260B

Ethyl 
Benzene    

EPA 8260B

MW-201 08/20/92 60 ND *ND *ND *ND *ND -

04/15/95 ND ND ND ND ND ND -

07/22/95 ND ND ND ND ND ND -

04/16/96 ND ND ND ND ND ND ND

05/13/99 ND ND ND ND ND ND ND

01/25/00 ND ND ND ND ND ND ND

07/10/00 ND ND ND ND ND ND ND

06/18/01 ND<50 ND<50 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<1.0

02/28/02 ND<50 130 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

03/06/03 ND<50 61 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

11/17/04 ND<50 53 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

06/29/05 ND<50 ND<100 ND<1.0 ND<1.0 ND<1.0 ND<5.0 ND<1.0

MW-202 08/20/92 ND ND *ND *ND *ND *ND -

04/15/95 ND ND ND ND ND ND -

07/22/95 ND ND ND ND ND ND -

04/16/96 ND ND ND ND ND ND ND

05/13/99 ND ND ND ND ND ND ND

01/25/00 ND ND ND ND ND ND ND

07/10/00 ND ND ND ND ND ND ND

06/18/01 ND<50 ND<50 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<1.0

02/28/02 ND<50 60 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

03/07/03 ND<50 ND<50 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

11/16/04 ND<50 ND<52 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

06/29/05 ND<50 ND<100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 ND<1.0

MW-203 08/20/92 ND ND *ND *ND *ND *ND -

04/15/95 ND ND ND 0.40 ND ND -

07/22/95 ND ND 0.44 0.94 0.40 1.7 -

04/16/96 ND ND ND ND ND ND ND

05/13/99 ND ND ND ND ND ND ND

01/25/00 ND 78.1 ND ND ND ND ND

07/10/00 ND ND ND ND ND ND ND

06/18/01 ND<50 ND<50 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<1.0

02/28/02 ND<50 110 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

03/06/03 ND<50 ND<50 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

11/17/04 ND<50 ND<53 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

06/29/05 ND<50 ND<100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 ND<1.0
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Table 3
Historical Summary of Groundwater Analysis

(Organic Compounds)-Santa Rosa U-HAUL Center 

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

Benzene                
EPA     

8260B

Toluene 
EPA     

8260B

Xylene  
EPA 

8260B
Well No.

Sample 
Date

TPH 
(Gasoline)   
EPA 8015

TPH 
(Diesel)  

EPA 8015 

MTBE       
EPA 

8260B

Ethyl 
Benzene    

EPA 8260B

MW-301 04/15/95 ND ND 0.37 0.35 ND ND -

07/22/95 250 ND 43 0.70 14 0.67 -

04/16/96 ND ND 2.9 0.39 0.49 ND 25

05/13/99 ND ND ND ND ND ND ND

01/25/00 123 211 0.698 ND 2.81 11.9 1.55

07/11/00 ND 3,980 ND ND ND ND ND

06/18/01 ND<50 1,200 ND<10 ND<10 ND<10 ND<10 ND<20

03/01/02 ND<50 690 ND<0.5 ND<0.5 ND<0.5 ND<0.5 0.94

03/07/03 ND<50 150 ND<0.5 ND<0.5 ND<0.5 ND<0.5 8.4

11/17/04 450 340 ND<5.0 ND<5.0 53 52 ND<5.0

06/28/05 94.0 ND<100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 10

MW-401 11/06/03 ND<50 170 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

11/17/04 ND<50 ND<54 ND<0.5 ND<0.5 ND<0.5 ND<0.5 0.96

06/29/05 ND<50 ND<100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 ND<1.0

MW-402 11/06/03 ND<50 170 0.62 ND<0.5 ND<0.5 ND<0.5 ND<0.5

11/17/04 ND<50 ND<57 ND<0.5 ND<0.5 ND<0.5 ND<0.5 ND<0.5

06/29/05 ND<50 ND<100 ND<1.0 ND<5.0 ND<5.0 ND<5.0 ND<1.0

Notes:
^ Heavy hydrocarbons not diesel fuel - sample not obtained FP- Free Product
* denotes EPA method 602 ND - non detect

NA - not analyzed
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Table 4
Pilot Study Analytical Results

-Santa Rosa U-Haul Center

(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (mg/L) (mg/L) (cfu/mL) (mg/L)

MW-2 11,700 1,900 135 318 330 1,880 20 190 51 13500 9.8
10,700 4,500 41 187 240 2,650 <25 200 56 3700 4.1
9,530 5,400 26 59 118 907 17 130 60 280000 7.9

J-01 1,940 340 121 21 101 33 81 22 8 2900 4.2
5,340 1,000 368 267 109 236 190 78 16 1150000 2.9
3,200 930 160 75 69 114 190 45 18 220000 2.8

MW-103 1,760 150 52 22 86 161 1.6 7 3 2000 3.2
1,070 380 35 13 69 95 2.1 15 5 265 3.5
1,080 170 52 25 72 158 2.1 12 7 2300 2

HPC
SM 9215

DO
(Field)

WELL ID

COD
EPA 410.4

BOD
EPA 405.1

Ethyl 
Benzene    

EPA 8260B

Xylene  EPA 
8260B

MTBE       
EPA 8260B

TPH 
(Gasoline)   
EPA 8015

TPH 
(Diesel)  

EPA 8015 

Benzene                
EPA     

8260B

Toluene 
EPA     

8260B
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Table 5  
Comparison of the Advantages and Disadvantages of the Remedial Alternatives 

 
Alternative 
Technology Advantages Disadvantages 

 
Natural 
Attenuation 
(NA) 

� Naturally remediate contaminants that 
are adsorbed onto or trapped within the 
geological materials in the aquifer is 
composed along with contaminants 
dissolved in the groundwater. 
Biodegradation products are water and 
carbon dioxide.  BTEX are generally the 
most susceptible to biodegradation. 

� No disturbance to site operations.  

� The ability of remediation by natural attenuation 
to achieve remedial goals are closely related to the 
site groundwater geochemical, Microbiological 
and Respirometry parameters, the changes on the 
site hydrogeological conditions and site operation.  
The slow natural attenuation process may not 
achieve the site specific clean up goals. 

� Time frames for achieving remedial goals may be 
relatively long.  

� Require long-term continuous monitoring. 

 
Ozone 
Injection/ 
Air Sparging  

� Innovative technology, readily available 
equipment, easy installation.  

� Has advantages of natural attenuation, 
and enhanced  biodegradation process 
by adding strong oxidant and oxygen, 
into the system, quick and complete 
oxidation. 

� Required no removal, treatment, 
storage, or discharge considerations for 
groundwater. 

� Minimum risk to potential receptors due 
to site disruption and/or inability to 
proper control the engineered processes. 

� Effectiveness less certain when applied to sites 
with low-permeability soil or stratified soil., but 
much better than biodegradation and air sparging. 

� Some operation and maintenance needed. 

 
Oxygen 
Release 
Compound 
(ORC) 

� Has advantages of natural attenuation, 
plus enhanced  biodegradation process 
by adding oxygen, nutrients, and 
microbial concentrations into the 
system.  

� Readily available equipment, easy 
installation. 

� Minimal disturbance to site operations.  

� No maintenance needed. 

� Effectiveness less certain when applied to sites 
with low-permeability soil or stratified soil. 

� Potential to inducing migration of constituents. 

� May require continuous monitoring. 

� Remediation may only occur in more permeable 
layer. 

� Discharge permit generally required. 
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FIGURE 4
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CROSS SECTION ILLUSTRATING 
RESIDUAL SOIL CONTAMINATION
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ID Task Name Start Finish
1  Corrective Action Plan (CAP) Submittal Mon 8/15/05 Mon 8/15/05

2 Lead Regulatory Agency (RWQCB) Comment on CAP Tue 8/16/05 Wed 11/16/05

3 CAP Implementation Permitting Thu 11/17/05 Fri 1/20/06

4 Remedial Approach Implementation Mon 1/23/06 Mon 7/23/07

5 Performance Monitoring and Reporting Tue 7/24/07 Mon 9/24/07

Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3
2006 2007 2008 2009 2010 2011 2012 2013

Task

Split

Progress

Milestone

Summary

Rolled Up Task

Rolled Up Split

Rolled Up Milestone

Rolled Up Progress

External Tasks

Project Summary

REMEDIATION OF PETROLEUM HYDROCARBON IMPACTED SOIL AND GROUNDWATER
IMPLEMENTATION SCHEDULE

U-Haul International/Amerco Real Estate
 U-Haul Center #708-57

Santa Rosa, California

Figure 11

CAP IMPLEMENATATION
UHC #708-57 SANTA ROSA, 

CA
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